Objectives: To assess the extent that predilection for movement, as measured by a temperament questionnaire (activity temperament), contributes to nonresting energy expenditure and body composition in girls. Design, Setting, and Participants: Baseline data for 196 premenarcheal non-obese girls aged 8-12 y were obtained from a longitudinal study of growth and development. The association of activity temperament with nonresting energy expenditure in girls with low and high levels of physical activity was evaluated, as was the association of activity temperament with body composition.
Introduction
Obesity results when energy intake exceeds energy expenditure. Study of the components of energy expenditure is critical to the development of approaches to prevent obesity. Nonresting energy expenditure (NREE), the component of energy expenditure not due to resting energy expenditure (REE), is often thought of as the energy of activity. NREE can be accurately determined by doubly labeled water, but large studies of free-living subjects generally use physical activity questionnaires, motion sensors, or direct observation to estimate energy expended in activity because of the monetary and time costs associated with analysis of doubly labeled water. In such population studies, the energy spent in physical activity is most often conceptualized as the energy spent in volitional activity and 'exercise', and energy spent fidgeting is unlikely to be captured.
Nonexercise activity thermogenesis (NEAT) has been characterized as the nonvolitional component of NREE. 1 NEAT has been proposed to explain the variability between subjects in their tendency to gain weight in overfeeding experiments where physical activity level is controlled. 1 Nonvolitional movements (such as fidgeting) are a substantial contributor to energy expenditure in some individuals. For example, fidgeting while sitting or standing has been estimated, in carefully controlled experiments of adults, to increase energy expenditure by 2.571.7 kJ/min (0.670.4 kcal/min) and 4.272.1 kJ/min (1.070.5 kcal/min) above that required for sitting or standing quietly. 2 Temperament, a construct of behavioral style, is considered relatively stable in an individual. Of the many scales designed for assessing temperament in children, one of the most widely used was designed by Thomas and Chess, 3 and includes nine subscales, with an activity subscale designed to assess predilection for movement. We conceptualized two pathways through which predilection for movement, as measured by a temperament questionnaire (activity temperament), could affect NREE and thereby influence energy balance ( Figure 1 ). Activity temperament may directly increase energy expenditure via fidgeting. Alternatively, activity temperament, may be indirectly associated with energy expenditure by predicting a child's physical activity level; for example, children with a high activity temperament, and thus a greater drive to move, might engage in high levels of physical activity. The objectives of these analyses were to assess whether activity temperament is associated with NREE, whether activity temperament and physical activity interrelate as components of NREE, and to explore whether the effect of activity temperament on NREE is associated with body composition. Since activity temperament and physical activity may be interrelated in girls who report high levels of physical activity (indirect pathway), we expected to see a greater contribution of activity temperament to NREE in girls with low levels of physical activity (direct pathway) ( Figure 1 ). To understand these associations, we analyzed baseline data from a longitudinal study of growth and development in girls.
Methods
Study design and population A total of 196 girls were enrolled in the Massachusetts Institute of Technology (MIT) Growth and Development Study between September 1990 and June 1993. A description of the study has been previously published. 4 Premenarcheal girls (aged 8-12 y) with a triceps skinfold thickness below the 85th percentile based on a First National Health and Nutrition Examination Survey (NHANES I) reference standard 5 were recruited from Cambridge and Somerville public schools in Massachusetts, the MIT summer day camp, and friends and siblings of enrollees. The cohort is 71% white subjects, 14% black subjects, and 15% other race/ethnicity. The study protocol was approved by both the Committee on the Use of Humans as Experimental Subjects at MIT, and the Institutional Review Board of the Tufts-New England Medical Center in Boston, Massachusetts.
Measures
The participants were admitted to the Clinical Research Center at MIT for an overnight visit. REE was measured by indirect calorimetry. 4, 6 Total energy expenditure (TEE) and total body water were measured using doubly labeled water over a 2-week period as previously described. 4 TEE was calculated from the mean daily rate of carbon dioxide (rCO 2 ) production, 7 the calculated oxygen consumption from rCO 2 , and the food quotient from a 7-day food record kept during the second week of the 2-week period, using Weir's equation. 4, 8 NREE was computed by subtracting REE from TEE. Height was measured to 0.1 cm with a wall-mounted stadiometer, and weight was measured in a hospital gown using a Seca scale accurate to 0.1 kg. We calculated body mass index (BMI) as weight in kilograms divided by the square of height in meters. We determined BMI z-score using the Centers for Disease Control and Prevention growth reference. 9 Fat-free mass was determined from total body water according to the method of Halliday and Miller, 10 with the assumptions that fat-free mass was 73% water, the 18 O dilution space was 1% higher than total body water, and the deuterium dilution space was 3% higher than the 18 O dilution space. 4, 11 We calculated percentage body fat as the difference of body weight and fat-free mass (to yield fat mass), divided by body weight. We estimated the girls' physical activity level from questionnaires and 7-day activity diaries. Participants were asked by questionnaire to estimate time spent, on a typical weekend day and on a typical school day, sleeping, sitting, standing, walking (including light activity such as doing chores around the house or the yard), and engaged in vigorous activity (exercising, 'playing or working very hard where your heart beats fast, you breathe hard, and you are sweating,' or being involved in sports). 12 A 24-h grid in which girls could select up to four activities per hour was used. Estimates of time sitting, standing, walking and light activity, and in vigorous activity were also measured with a Figure 1 Pathways through which activity temperament could affect NREE.
Activity temperament and energy expenditure SE Anderson et al 7-day activity diary, which corresponded with the first week of the measured energy expenditure period. Girls were asked to record hourly their activity level (sleeping, sitting, standing, walking and light activity, vigorous activity), with a possibility for two activity levels within an hour block. A standardized protocol was used to explain the activity diary and activity questionnaire to the girls. We calculated weekly time spent walking (including light activity) and in vigorous activity from the questionnaire and the activity diary, and then averaged questionnaire and diary estimates to arrive at typical weekly hours of walking and light activity and hours of vigorous activity. To create a physical activity score, we summed the estimate of walking and light activity time and two times the hours of vigorous activity (to reflect relative metabolic cost). 13 We assessed time typically spent watching television on weekdays and weekend days by questionnaire and calculated average weekly hours. Temperament was characterized by the girls' mothers with an instrument adapted from one developed by Thomas and Chess. 3 Four subscales were measured: activity, persistence, intensity, and distractibility. We used only the activity subscale in these analyses. Mothers were asked to rate their daughter on nine items related to predilection for movement (Table 1) ; each item consisted of a four-level scale (hardly ever, sometimes, often, almost always). Responses to all nine items were summed to obtain the activity temperament score (possible range: 9-36, with higher scores indicating greater predilection for movement). To test reliability, 50 mothers repeated the ratings 2 weeks after the first administration. To test stability, 41 mothers completed the ratings again 1 year after the first administration.
Statistical analyses NREE adjusted for the participant's body weight was calculated by regressing weight on NREE and using the residual plus the mean of NREE as the outcome variable (adjusted NREE) in our analyses. We used linear regression to determine whether activity temperament independently predicted adjusted NREE after controlling for physical activity score and television viewing. Participants with complete data for adjusted NREE, activity temperament, physical activity score, and television viewing were included in the model. We log-transformed activity temperament score and square-root-transformed television viewing to better meet the assumptions of linear regression analysis. Regression models were estimated in the full sample and also for two subsamples ('low physical activity' and 'high physical activity') constructed by dividing the data at the median of physical activity score. In addition, we dichotomized activity temperament score at the median to categorize girls as having a high or a low activity temperament. To estimate the difference in adjusted NREE between girls with a high activity temperament and girls with a low activity temperament in the high and low physical activity subsamples, adjusted means for high and low activity temperament were estimated from the regression models.
We assessed the association between activity temperament score and percentage body fat by the Pearson correlation coefficient. The difference in percentage body fat between girls with a high activity temperament and girls with a low activity temperament was assessed by t-test after splitting the sample at the median level of physical activity.
Results
A total of 172 girls (average age, 10.1 y) had complete data for REE, TEE, and activity temperament. Their mean7s.d. NREE was 29547771 kJ (7067184 kcal), REE averaged 51487618 kJ (12307148 kcal), and TEE averaged 810271163 kJ (19357278 kcal) ( Table 2 ). Percentage body fat averaged 23% (range, 10-36%). The median hours of television watched per week was 21.5 h (interquartile range, 13-35 h); data were missing for two girls. In all 13 girls were excluded from analyses using physical activity because they had incomplete activity diaries. The girls walked or engaged in light activity an average of 18.677.5 h per week, and engaged in vigorous activity an average of 9.575.7 h per week. The means reported in Table 2 did not change substantively when the data were restricted to the 159 girls with complete data on physical activity. The physical activity score ranged from a minimum of 8 to a maximum of 76 with a mean of 37.6. Activity temperament score ranged from a minimum of 12 to a maximum of 34 with a median of 21. The Pearson correlation between activity temperament score measured 2 weeks apart was r ¼ 0.90 (n ¼ 50). The Pearson Table 1 Activity temperament questions K When my daughter moves about in the house or outdoors, she runs rather than walks. K Even when my daughter is supposed to be still, she gets very fidgety after only a few minutes. K If my daughter is confined to the house, she runs around and cannot be entertained by quiet activities. K My daughter moves around a lot, never staying still or being in the same place for long. K My daughter cannot sit quietly through an entire movie or long TV program. K During her free time, my daughter prefers activities such as crafts, watching TV, or reading to activities such as jumping rope, playing tag, or riding her bike. (Table 3 ), but the association was attenuated when activity temperament was the single predictor in the model (R 2 ¼ 0.02, P ¼ 0.056; data not shown). The partial squared correlation coefficient for activity temperament in the full model containing physical activity score, television viewing, and activity temperament was 0.03 (Table 3) . As we hypothesized, activity temperament independently predicted adjusted NREE after controlling for physical activity score (continuous scale) and television viewing among girls with low physical activity, but not among girls with high physical activity ( Table 3 ). The physical activity score was positively associated with adjusted NREE in the high physical activity subsample, but in the low physical activity subsample the slope of the score with adjusted NREE was shallower and the association was not statistically significant. In both subsamples, television viewing and the physical activity score were not correlated (r ¼ 0.03, P ¼ 0.81 low activity; r ¼ À0.12, P ¼ 0.29 high activity). Activity temperament score was weakly correlated with the physical activity score in both subsamples (r ¼ 0.23, P ¼ 0.04, low physical activity; r ¼ 0.20, P ¼ 0.07, high physical activity).
We replaced the activity temperament score with a dichotomous variable (high and low activity temperament) in the high and low physical activity regression models to estimate the difference in energy expenditure between high activity temperament girls and low activity temperament girls while controlling for television viewing and physical activity level as continuous variables. In the low physical activity model, the mean adjusted NREE in girls with high activity temperament was 310 kJ (74 kcal) higher than in the girls with low activity temperament (3045 kJ (727 kcal) vs 2735 kJ (653 kcal), 95% confidence interval (CI) for the difference, 42-582 kJ (10-139 kcal)). In the high physical activity model, the overall mean-adjusted NREE levels were higher, as expected, than in the low physical activity model, and the difference in adjusted NREE between girls with high activity temperament and girls with low activity temperament was not statistically significant (3188 kJ (762 kcal) vs 3005 kJ (718 kcal), 95% CI for the difference, À109 to 473 kJ (À26 to þ 113 kcal)) (Figure 2) .
Activity temperament was negatively associated with percentage body fat (r ¼ À0.20). Those girls with high activity temperament had a lower mean percentage body fat than girls with low activity temperament overall (21.6 vs 24.5%, 95% CI for the difference in means 1.3-4.4 percentage points) and in both the low (21.1 vs 24.7%, 95% CI for the difference in means 1.3-5.9 percentage points) and the high (21.4 vs 23.7%, 95% CI for the difference in means 0.2-4.6 percentage points) physical activity subsamples.
Discussion
We observed that activity temperament was positively associated with NREE cross-sectionally in premenarcheal girls. Our hypothesis that higher activity temperament is associated with higher NREE in girls who have low levels of physical activity was supported. As we conceptualized in Figure 1 , high activity temperament could directly increase NREE through increases in movements not generally thought of as physical activity, or high activity temperament could predispose to increased participation in physical Activity temperament and energy expenditure SE Anderson et al activity, thereby leading to greater NREE (indirect pathway). Although within an individual, both pathways would likely be operating, it follows from this conceptual model that the effect of activity temperament on NREE would be most readily detected in children who do not engage in high levels of physical activity. Physical activity is the most evident component of NREE, but measurement of energy expended in physical activity has proven difficult in population studies. 14, 15 The nonvolitional components of NREE, such as fidgeting, are not well captured by physical activity questionnaires or activity monitors. Even using instruments designed to measure body movement and position (inclinometers and accelerometers) in free-living participants, Levine et al 16 were not able to detect the energy expended fidgeting. In experiments conducted in metabolic chambers, substantial differences in energy expenditure have been demonstrated where postures (sitting, standing) while still and while fidgeting were compared. 2 Further, several studies suggest that energy expended in fidgeting or in activities that would not be considered 'exercise' may explain some of the variability in weight gain in response to overfeeding. 1, 17 Even light activities such as crossing and uncrossing one's legs, shuffling small objects across a table, and rising repeatedly from a chair, increase energy expenditure by 40-113% above resting metabolic rate. 18 In a carefully controlled experiment of seven nonobese adults, gum chewing raised energy expenditure by 19%. 19 Energy expended in fidgeting could be one mechanism through which some people are less prone to weight gain. The results of our analyses indicate that measurement of activity temperament may help to capture aspects of energy expenditure in population studies, such as fidgeting, that are not captured by physical activity questionnaires. Temperament is a psychological construct that is posited to be inborn and relatively stable. 3, 20 In a study of overfeeding among identical adult male twins, variability in weight gain at a controlled level of exercise was substantially greater between unrelated participants than within identical twin pairs; this result suggests a genetic component to the factor or factors that account for the differences in weight gain in response to overfeeding. 17 In a study of Pima Indian siblings, 57% of the variance in spontaneous physical activity measured in a metabolic chamber was attributable to family membership. 21 In another study, NREE estimated from TEE and REE correlated with spontaneous physical activity measured in a metabolic chamber for adult men and women. 22 Thus, predilection for movement may be a heritable and reproducible determinant of nonexercise NREE.
Our results confirm our hypothesis that activity temperament accounts for a measurable, albeit small, proportion of NREE in girls with lower levels of reported physical activity. We found that girls in the lower half of the distribution of physical activity expended significantly more energy per day (310 kJ (74 kcal) on average) if they had a high activity temperament compared to girls with a low activity temperament. The effect of activity temperament may be more detectable in girls who engage in low levels of physical activity because, as we conceptualized in Figure 1 , the 'direct pathway' is more dominant under that scenario. Although girls with higher levels of physical activity who had a high activity temperament expended more energy than girls with a low activity temperament, this difference was smaller and did not reach statistical significance. Some girls who have a high activity temperament may discharge their energy through participation in sports and other forms of exercise, activities that would be recognized as physical activity and would therefore be more likely than nonvolitional activity to be recorded in a physical activity questionnaire. Thus, some girls with a high activity temperament may get more exercise as a 'secondary' factor relating to their temperament ('indirect pathway'). Girls with a low activity temperament who do not regularly engage in physical activity may be most at risk for weight gain (see Figure 2 , first bar from the left). Further, girls with a low activity temperament who do engage in physical activity may find maintaining their weight difficult if they lose interest in physical activity (see Figure 2 , third bar from the left). For example, girls who play sports in elementary school may reduce or discontinue their participation upon reaching puberty, when social priorities shift. Declining levels of physical activity in girls over the transition from childhood to adolescence have been well documented. 23, 24 We speculate that girls with a high activity temperament may be better protected from weight gain because their tendency to expend energy is greater. Our cross-sectional observation that girls with a high activity temperament have lower percentage body fat than girls with Figure 2 Adjusted NREE in girls with low activity temperament and girls with high activity temperament stratified by physical activity. Models were adjusted for physical activity score and television viewing (see Methods). Error bars represent one standard error. NS ¼ not statistically significant. NREE (kcal) adjusted for body weight.
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In the only study of activity temperament and obesity we found in the literature, Carey et al 25 found a weak positive association between activity temperament measured between ages 8 and 11 y (one of the nine temperament subscales they measured, but not the focus of their investigation) and relative weight increase in young girls and boys studied at ages 4-5 y and again at 8-9 y. Activity temperament was not related cross-sectionally to relative weight at age 8-9 y or to obesity in a separate sample of 6-to 12-y-old children. 25 In their discussion of this counterintuitive result, the authors note that the temperament questionnaires they employed may capture vigor rather than total activity or caloric expenditure. 25 The major strength of our cross-sectional analysis is the quality of our measures. The measurement of TEE by doubly labeled water and REE by indirect calorimetry provides an accurate determination of NREE; and percentage body fat estimated by total body water provides an accurate assessment of body composition. The reliability and stability of the activity temperament construct measured in two subsets of girls was quite good: over a 2-week period test-retest reliability was r ¼ 0.90, and over a 1-y period stability was r ¼ 0.62.
Several limitations of this analysis are noteworthy. Since the girls were not obese, the association between percentage body fat and activity temperament we observed did not include the full range of relative weight in childhood; nonetheless, we had enough variability in percentage body fat (range 10-36%) to detect an effect of activity temperament. In addition, physical activity was assessed by self-report. A previously published report of 2-week testretest reliability for a subset of 69 girls from this cohort found correlations of r ¼ 0.84 and r ¼ 0.81 for weekday and weekend day television viewing, respectively, r ¼ 0.48 and r ¼ 0.32 for weekday and weekend day walking and light activity, and r ¼ 0.36 and r ¼ 0.32 for report of vigorous activity. 12 Television viewing aside, these correlations are not high. However, because we used physical activity level to divide the sample into high and low physical activity and did not focus on the actual amounts of physical activity engaged in by each girl, this concern is reduced. We did not measure the thermic effect of food, but this effect contributes only 6-10% of NREE and varies little between individual children. 26 Furthermore, any variability in the thermic effect of food is likely to be unrelated to activity temperament or physical activity level. Lastly, it is important to recognize that although activity temperament contributes to NREE, particularly in girls with a low level of physical activity, much of the variability in NREE was unexplained by our models. Improved methodologies for assessing all components of NREE in population studies are needed; methods for assessment of nonexercise energy expenditure in population studies are particularly underdeveloped.
Activity temperament may represent an important construct in the study of obesity, for two reasons: first, it may be a predictor of weight gain. Second, activity temperament, as a proxy for nonvolitional or spontaneous physical activity, may help to account for energy expenditure that is not captured by physical activity questionnaires and activity diaries. Measurement of activity temperament in population studies, by questionnaire, appears to be valuable for capturing a portion of the component of NREE that is not thought of as exercise, physical activity, recreational activity, or sport. Our observation that girls with a high activity temperament had a leaner body composition irrespective of reported physical activity level suggests a possible protective effect of a constitutionally high activity temperament against weight gain. Longitudinal studies are needed to determine whether activity temperament can help identify girls at risk for weight gain. Although participation in physical activity tends to decline as girls mature, girls with a high activity temperament may be 'more protected' from concomitant drops in energy expenditure, either because their inherent predilection for movement will burn calories (fidgeting), or because they will be more likely to maintain participation in sports and physical activities. These investigations would improve our understanding of the etiology of weight gain during the critical period of adolescence.
